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BASE STATION APPARATUS, MOBILE
STATION APPARATUS, RADIO
COMMUNICATION METHOD, AND RADIO
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation application of Interna-
tional Application PCT/JP2011/051565, filed on Jan. 27,
2011 and designated the U.S., the entire contents of which are
incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a base
station apparatus, a mobile station apparatus, a radio commu-
nication method, and a radio communication system.

BACKGROUND

These days, a radio communication system, such as por-
table telephone system and radio LAN (Local Area Network),
is widely used. In the field of radio communication, continu-
ous discussions as to next-generation communication tech-
nologies is made in order to further improve communication
speed and communication capacity. As the next-generation
communication technology, for example, standardization
regarding LTE and LTE-Advanced is completed or is under
consideration.

With regards to LTE and LTE-Advanced, OFDM (Or-
thogonal Frequency Division Multiplexing; orthogonal fre-
quency division multiplexing) scheme is adopted as a modu-
lation scheme of downlink communication from a base
station apparatus to a mobile station apparatus. The OFDM
scheme, for example, is a communication scheme in which a
frequency bandwidth is divided into a plurality of bandwidths
or subcarriers, and information data is mapped on respective
frequency bandwidth orthogonal to each other.

In contrast, SC-FDMA (Single Carrier-Frequency Divi-
sion Multiple Access: single carrier-frequency division mul-
tiple access) scheme is adopted as a modulation scheme of
uplink communication from the mobile station apparatus to
the base station apparatus. The SC-FDMA, for example, is a
communication scheme in which a frequency bandwidth is
divided, and data is transmitted with the use of a different
frequency bandwidth between a plurality of mobile station
apparatuses. The SC-FDMA scheme is a single carrier trans-
mission, compared with the OFDM scheme, so that PAPR
(Peak to Averaged Power Ratio: peak to average power ratio)
can be reduced. Accordingly, the SC-FDMA scheme can
reduce the power consumption of an amplifier and reduce the
whole power consumption of the mobile station apparatus,
compared with OFDM scheme.

In the SC-OFDM scheme, for example, waveform equal-
ization processing is performed in the base station apparatus
on the reception side, so that propagation distortion in a radio
channel can be suppressed. Then, the mobile station appara-
tus periodically inserts CP (Cyclic Prefix) into a transmission
signal, which makes it possible to perform the waveform
equalization processing in a frequency domain in the base
station apparatus. An arithmetic processing amount in the
frequency domain in the base station apparatus can be
reduced by the insertion of CP, compared with an arithmetic
processing amount in a time domain. However, for example,
when a timing difference between reception signals is larger
than a CP length, orthogonality between the reception signals
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2

is not maintained, and interference between the signals
occurs, and reception quality deteriorates, compared with a
case where the timing difference between the reception sig-
nals falls within the CP length. Accordingly, in the base
station apparatus, transmission timing control is performed
with respect to each mobile station apparatus, in order to
prevent a timing discrepancy between the reception signals.

FIG. 23 is a flowchart illustrating the example of operation
of'the transmission timing control. A mobile station apparatus
UE (User Equipment) transmits a data signal or a pilot signal
(Sounding Reference Signal: SRS) to a base station apparatus
eNB (evolved Node B) (S110). The base station apparatus
eNB measures a timing difference between a transmission
frame and a reception frame regarding the data signal (S111),
obtains a timing correction amount N, based on a measured
value, and feeds back the timing correction amount N, as a
control signal (S112).

FIG. 24 is a diagram illustrating an example of a difference
between a frame timing (downlink transmission timing) of
the base station apparatus eNB and a frame timing (uplink
transmission timing) of the mobile station apparatus UE. The
mobile station apparatus UE which receives the control signal
from the base station apparatus eNB transmits the data signal
earlier by a time interval obtained by adding a fixed value
N 4o, 10 the timing correction amount N, and multiplying
a fixed value Ts than the frame timing that the mobile station
apparatus UE grasps. Accordingly, the base station apparatus
eNB can receive the data signal transmitted from the mobile
station apparatus UE at a timing in synchronism with the
frame timing.

Non-Patent Document 1: 3GPPTS 36.211V9.1.0
Non-Patent Document 2: 3GPPTS 36.212V9.1.0
Non-Patent Document 3: 3GPPTS 36.213V9.1.0
Non-Patent Document 4: 3GPPTR 36. 913
Non-Patent Document 5: 3GPPTR 36. 814

However, a plurality of mobile station apparatuses UE
include a different discrepancy in uplink transmission timing,
so that the uplink transmission timing control described
above is performed for each mobile station apparatus UE.
Accordingly, when the base station apparatus eNB connects
to a plurality of mobile station apparatuses UE and performs
the transmission timing control in a cell, the base station
apparatus eNB feeds back the control signal including the
timing correction amount N, to the plurality of mobile sta-
tion apparatuses UE. For this reason, the transmission amount
of'the control signals transmitted from the base station appa-
ratus eNB is increased corresponding to an increase in the
number of mobile station apparatuses UE, and accordingly,
overhead regarding the transmission of the control signals is
increased.

FIG. 25 is a diagram illustrating an example of the trans-
mission timing control with respect to the plurality of mobile
station apparatuses UE in a running train. In this case, the base
station apparatus eNB performs the transmission timing con-
trol with respect to the respective plurality of mobile station
apparatuses UE in accordance with the movement of the train.
Similarly, the base station apparatus eNB feeds back the
control signals corresponding to the number of the plurality
of mobile station apparatuses UE and performs the transmis-
sion timing control. Accordingly, the overhead of the control
signal transmitted from the base station apparatus eNB is
increased corresponding to an increase in the number of
mobile station apparatuses UE.

SUMMARY

According to an aspect of the embodiments, a base station
apparatus for performing radio communication with a mobile
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station apparatus, the base station apparatus includes: a group
generation unit which groups a plurality of mobile station
apparatuses controllable with a same control amount of trans-
mission timing; and a transmission unit which transmits the
control amount of transmission timing to the grouped plural-
ity of mobile station apparatuses.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating the example of the configu-
ration of a radio communication system.

FIG. 2 is a diagram illustrating the example of the configu-
ration of the radio communication system.

FIG. 3 is a diagram illustrating the example of the configu-
ration of a base station apparatus.

FIG. 4 is a diagram illustrating the example of the configu-
ration of a mobile station apparatus.

FIG. 5 is a graph illustrating the example of distribution of
TA values.

FIG. 6 is a sequence diagram illustrating the example of
entire operation.

FIG. 7 is a flowchart illustrating the example of operations
of the base station apparatus.

FIGS. 8A and 8B are diagrams illustrating the example of
radio resource allocation.

FIG. 9 is a flowchart illustrating the example of the opera-
tions of the mobile station apparatus.

FIG. 10 is a diagram illustrating the example of a state
where transmission timing control is collectively performed.

FIG. 11isa graph illustrating the example of distribution of
the time fluctuation amount ATA of the TA value.

FIG. 12 is a flowchart illustrating the example of the opera-
tion of the base station apparatus.

FIGS. 13A and 13B are diagrams illustrating the example
of the radio resource allocation.

FIG. 14 is a flowchart illustrating the example of the entire
operation.

FIG. 15 is a flowchart illustrating the example of operations
of the base station apparatus.

FIG. 16 is a flowchart illustrating the example of operations
of the mobile station apparatus.

FIG. 17 is a diagram illustrating the example of the con-
figuration of notification information.

FIGS. 18A and 18B are diagrams illustrating the example
of the radio resource allocation.

FIG. 19 is a sequence diagram illustrating the example of
the entire operation.

FIG. 20 is a flowchart illustrating the example of operations
of the base station apparatus.

FIG. 21 is a flowchart illustrating the example of operations
of the mobile station apparatus.

FIG. 22 is a diagram illustrating the examples of the con-
figuration of the base station apparatus and the mobile station
apparatus.

FIG. 23 is a sequence diagram illustrating the example of
operations of the transmission timing control.

FIG. 24 is a diagram illustrating the example of a frame
timing difference between a reception frame and a transmis-
sion frame.
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FIG. 25 is a diagram illustrating the example of a state
where the transmission timing control is individually per-
formed.

DESCRIPTION OF EMBODIMENTS

Hereinafter, the embodiments of the present invention will
be described in detail referring to the drawings.

First Embodiment

FIG. 1 is a diagram illustrating an example of a configura-
tion of a radio communication system of the first embodiment
of the present invention. A radio communication system 10
includes a base station apparatus 100 and a mobile station
apparatus 200, and radio communication is performed
between the base station apparatus 100 and the mobile station
apparatus 200. The example of FIG. 1 illustrates one unit of
mobile station apparatus 200, but a plurality of mobile station
apparatuses 200 may be provided.

The base station apparatus 100 includes a group generation
unit 170 and a transmission unit 171. The group generation
unit 170 groups a plurality of controllable mobile station
apparatuses 200 controllable with a same control amount of
transmission timing. The transmission unit 171 transmits the
control amount of transmission timing to the grouped plural-
ity of mobile station apparatuses 200.

On the other hand, the mobile station apparatus 200
includes a reception unit 270 and a transmission timing con-
trol unit 271. The reception unit 270 receives the control
amount of transmission timing transmitted from the base
station apparatus 100. The transmission timing control unit
271 controls the transmission timing of a radio signal trans-
mitting to the base station apparatus, in accordance with the
received control amount of transmission timing.

The base station apparatus 100 transmits the control
amount of transmission timing to the grouped plurality of
mobile station apparatuses 200, so that the overhead of the
control signal can be reduced, compared with the case where
the control signals are separately transmitted to the respective
plurality of mobile station apparatuses 200. Also, the mobile
station apparatus 200 is one of the grouped plurality of mobile
station apparatuses in the base station apparatus 100, and can
control the transmission timing of the radio signal transmit-
ting to the base station apparatus 100 in accordance with the
control amount of transmission timing. Accordingly, the
reception timing is controlled by the radio signal transmitted
from the mobile station apparatus 200 in the base station
apparatus 100, so that a discrepancy in the reception timing in
the base station apparatus 100 can be prevented.

Second Embodiment
Example of Entire Configuration

FIG. 2 is a diagram illustrating an example of a configura-
tion of a radio communication system 10 of the second
embodiment of the present invention. The radio communica-
tion system 10 includes a radio base station apparatus (here-
inafter, referred to as “base station”) 100 and mobile station
apparatuses (hereinafter, referred to as “mobile station™) 200
and 2004.

The base station 100 is a radio communication apparatus
which wirelessly connects to the mobile stations 200 and
200q and performs radio communication. Also, the base sta-
tion 100 can provide various services such as voice commu-
nication and video delivery within one or plural cells range
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with respect to the mobile stations 200 and 200q. Further, the
base station 100 can control transmission timing of the
mobile stations 200 and 200a, and the details are described
later.

The mobile stations 200 and 200a are radio communica-
tion apparatuses which are wirelessly connected to the base
station 100 and perform radio communication, and which are
exemplified by mobile phones, information portable terminal
apparatuses, and the like. The mobile stations 200 and 200«
receive data signals and the like from the base station 100 and
transmits the data signals and the like to the base station 100.
Inthe description, a communication link from the base station
100 to the mobile stations 200 and 200a is referred to as a
down communication link (DL: Down Link), and the com-
munication link from the mobile stations 200 and 2004 to the
base station 100 is referred to as an up communication link
(UL: Up Link).

Considering the example of FIG. 2, two mobile stations
200 and 200¢ are illustrated, but the example may be replaced
with an example where three mobile stations or more are
illustrated, or where one mobile station is illustrated. The
mobile stations 200 and 200q both are of the same configu-
ration, and unless stipulated otherwise, the mobile station 200
is described as an example.

<Example of Configurations of Base Station 100 and
Mobile Station 200>

Next, the example of each configuration of the base station
100 and the mobile station 200 will be described. FIG. 3 is a
diagram illustrating the example of the configuration of the
base station 100, and FIG. 4 is a diagram illustrating the
example of the configuration of the mobile station 200.

The base station 100 includes a radio resource control unit
101, a MAC (Multimedia Access Control) control unit 102, a
packet generation unit 103, a MAC scheduling unit 104, a
encoding unit 105, a modulation unit 106, a multiplexing unit
107, an IFFT unit (Inverse Fourier Transformer Transform)
108, a radio processing unit 109, and a transmission antenna
110. Similarly, the base station 100 includes a reception
antenna 111, a radio processing unit 112, an FFT unit 113, a
demodulation unit 114, a decoding unit 115, a RLC unit 116,
a TA value calculation unit for each UE (hereinafter referred
to as “TA value calculating unit”) 117, and a cluster genera-
tion and renewal unit (hereinafter referred to as “cluster gen-
eration unit”) 118.

The group generation unit 170 of the first embodiment of
the present invention corresponds to the TA value calculation
unit 117, and the cluster generation unit 118, for example, and
the transmission unit 171 corresponds to the radio resource
control unit 101 and the transmission antenna 110, for
example.

The radio resource control unit 101 allocates a radio
resource (for example, frequency and time) with respect to the
downlink communication or the uplink communication of the
mobile station 200. Also, the radio resource control unit 101
allocates various types of RNTI such as TA-RNTI (Timing
Advance-Radio Network Temporary ID) based on informa-
tion regarding a cluster outputted from the cluster generation
unit 118. The TA-RNTI for example, is RNIT for transmis-
sion timing control allocated to a plurality of mobile stations
200 belonging to the same cluster. A detail of the TA-RNTTis
described later. The radio resource control unit 101 outputs
resource allocation information or the like regarding the radio
resources to be allocated, to the MAC control unit 102. Also,
the radio resource control unit 101, for example, outputs the
generated TA-RNTI, to the packet generation unit 103 as
RRC control information. In this case, the TA-RNTT is trans-
mitted to the mobile station 200 by using a PDSCH (Physical
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6
Downlink Shared Channel) channel. Further, the radio
resource control unit 101 can generate broadcast information
or paging information and output the information to the
packet generation unit 103. The broadcast information and
paging information is described in fourth and fifth embodi-
ments.

The MAC control unit 102 generates individual control
information based on the resource allocation information out-
putted from the radio resource control unit 101 and outputs to
the multiplexing unit 107. The individual control information
is transmitted to the mobile station 200 as the control signal,
for example, by using a control channel such as a PDCCH
(Physical Downlink Control Channel) channel. Also, there is
a case where the MAC control unit 102 receives TA-RNTI
outputted from the radio resource control unit 101, and in this
case, the MAC control unit 102 can output to the multiplexing
unit 107 the TA-RNTI as the individual control information.
Further, the MAC control unit 102 can receive the informa-
tion regarding cluster generated by the cluster generation unit
118 via the radio resource control unit 101, and in this case,
the MAC control unit 102 can generate a cluster TA value and
generate a TA command. The cluster TA value, for example,
is a TA value which is provided for the plurality of mobile
stations 200 belonging to the same cluster. The details of the
cluster TA value are described later. The radio resource con-
trol unit 101 outputs the cluster TA value to the packet gen-
eration unit 103.

The packet generation unit 103 inputs user data, various
control information, the cluster TA value, or the like and
generates a transmission packet. The transmission packets
include the user data and so one, and are transmitted by using
the PDSCH channel, for example. The packet generation unit
103 outputs the generated packet to the MAC scheduling unit
104.

The MAC scheduling unit 104 performs scheduling the
user data or the like based on the resource allocation infor-
mation outputted from the MAC control unit 102. For
example, the MAC scheduling unit 104 performs the sched-
uling in such a manner as to allocate the user data on the radio
resource of shared channel such as the PDSCH and a PUSCH.
The MAC scheduling unit 104 outputs the scheduled trans-
mission packet to the encoding unit 105.

The encoding unit 105 performs error correction encoding
to the user data, the control information, or the like in the
packet. A coding scheme and coding rate of the error correc-
tion encoding are included in the resource allocation infor-
mation generated by the radio resource control unit 101. For
example, the encoding unit 105 receives the corresponding
information from the radio resource control unit 101, and can
perform the error correction encoding. The encoding unit 105
outputs to the modulation unit 106 the packet to which the
error correction coding is applied.

The modulation unit 106 performs modulation processing
such as QPSK (Quadrature Phase Sift Keying), 16 QAM
(Quadrature A), or the like to the user data and each of control
information in the error correction encoded packet. The
modulation scheme is also included in the resource allocation
information, and the modulation unit 106 receives the
resource allocation information from the radio resource con-
trolunit 101, and can perform the modulation processing. The
modulation unit 106 outputs the modulated packet to the
multiplexing unit 107.

The multiplexing unit 107 multiplexes the output from the
modulation unit 106, the pilot signal, and the individual con-
trol information, and outputs a multiplexed signal to the IFFT
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unit 108. For example, a known preamble patter in the base
station 100 and the mobile station 200 is applied to the pilot
signal.

The IFFT unit 108 performs Inverse Fast Fourier Trans-
form processing for the multiplexed signal, converts the mul-
tiplexed signal in the frequency domain to a multiplexed
signal in the time domain, and outputs the multiplexed signal
in the time domain to the radio processing unit 109.

The radio processing unit 109 converts the multiplexed
signal of base band to the radio signal of a radio band and
outputs the radio signal. Accordingly, the radio processing
unit 109, for example, includes various processing units such
as a digital to analog converting unit, a frequency converting
unit, or the like.

The transmission antenna 110 transmits the radio signal
outputted from the radio processing unit 109 to the mobile
station 200. Accordingly, the user data and the individual
control information are transmitted to the mobile station 200
as the data signal and the control signal respectively.

In contrast, the reception antenna 111 receives the radio
signal transmitted from the mobile station 200.

The radio processing unit 112 converts the radio signal of
the radio band received by the reception antenna 111, to
reception signal of the base band. Accordingly, the radio
processing unit 112, for example, includes various processing
units such as the digital to analog converting unit, the fre-
quency converting unit, and the like.

The FFT unit 113 performs Fast Fourier Transform for the
reception signal outputted from the radio processing unit 112,
and converts the reception signal in the time domain to the
reception signal in the frequency domain. The FFT unit 113
outputs the reception signal after the Fast Fourier Transform,
to the demodulation unit 114 and the TA value calculation
unit 117.

The demodulation unit 114 performs demodulation pro-
cessing for the reception signal. The demodulation scheme
corresponds to a modulation scheme to the radio signal trans-
mitted by the mobile station 200, and for example, follows the
resource allocation information by the radio resource control
unit 101. For example, the demodulation unit 114 receives the
resource allocation information from the radio resource con-
trol unit 101, and performs the demodulation in accordance
with the resource allocation information.

The decoding unit 115 performs error correction decoding
for the demodulated reception signal. The decoding scheme
and coding rate of the error correction decoding, for example,
follow the resource allocation information received from the
radio resource control unit 101.

The RLC unit 116 extracts the user data and the like from
the decoded reception signal. The user data to be extracted is
outputted to other processing unit, for example, transmitted to
an upper control apparatus.

The TA value calculation unit 117 extracts the pilot signal
(Sounding reference signal) or the data signal, which is trans-
mitted from the mobile station 200, from the reception signal
outputted from the FFT unit 113, and calculates TA (Timing
Advance) value for the mobile station 200 based on the pilot
signal or the like. The TA value is a value represented by a
difference between the frame timing of the transmission
frame and the frame timing of the received radio frame, in the
base station 100. The TA value calculation unit 117 measures
the TA value of the mobile station 200 by calculating a dif-
ference between the uplink radio frame timing received form
the mobile station 200 and the transmission frame timing of
the base station 100. In a case where there is a plurality of
mobile stations 200, the TA value calculation unit 117 mea-
sures a plurality of TA values. For example, the TA value
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calculation unit 117 outputs to the cluster generation unit 118
the calculated TA value as a timing correction amount N .

The cluster generation unit 118 receives the plurality of TA
values, groups the mobile stations 200 whose TA value falls
within a constant range, and generates a cluster.

FIG. 5 is a graph illustrating a distribution example of the
TA value, and a vertical axis represents the number of mobile
stations, and a horizontal axis represents the TA value. As is
illustrated in FIG. 5, the number of mobile stations 200 is
increased higher than usual at a certain point in terms of the
TA values. For example, when there is the plurality of mobile
stations 200 in the train, an error amount of the frame timing
of each mobile station 200 falls within the constant range,
therefore, for example, the distribution as illustrated in FIG. 5
is provided. The cluster generation unit 118, for example,
groups the mobile stations 200 whose TA value falls within
the constant range as one cluster. Or, the cluster generation
unit 118, for example, groups the plurality of mobile stations
200 which are controllable by a same control amount of
transmission timing, as the cluster. In the example of FIG. 5,
the cluster generation unit 118 generates “cluster 1” and
“cluster 2. For example, when the cluster generation unit 118
groups and generates the cluster, the cluster generation unit
118 can store in an internal memory or output to the MAC
control unit 102 via the radio resource control unit 101, iden-
tification information of the cluster and identification infor-
mation of the mobile station 200 belonging to the cluster, as
the information regarding cluster. It is noted that, for example,
there is a case where the identification information of the
mobile stations 200 is included in the reception signal
received from the mobile station 200, or a case where the
identification information of the mobile station 200 is pro-
vided based on identification information such as the RNTI
allocated by the radio resource control unit 101.

Next, the mobile station 200 will be described. As is illus-
trated in FIG. 4, the mobile station 200 includes an antenna
201, a radio processing unit 202, an FFT unit 203, a demodu-
lation unit 204, a decoding unit 205, a control channel
demodulation unit 206, and a control information processing
unit 207. Further, the mobile station 200 includes a data
processing unit 208, a multiplexing unit 209, a symbol map-
ping unit 210, a multiplexing unit 211, an FFT unit 212, a
frequency mapping unit 213, an IFFT unit 214, a transmission
timing control unit 215, and a radio processing unit 216.

The reception unit 270 according to the first embodiment
of the present invention, for example, corresponds to the
antenna 201 up to the control information processing unit
207, and the transmission timing control unit 271, for
example, corresponds to the transmission timing control unit
215.

The antenna 201 receives the radio signal transmitted from
the base station 100 and outputs to the radio processing unit
202. Also, the antenna 201 can transmit the radio signal
outputted from the radio processing unit 216 to the base
station 100.

The radio processing unit 202 converts the radio signal
received by the antenna 201 to the reception signal of base
band and output. Accordingly, the radio processing unit 202
includes various processing units such as the digital to analog
converting unit, the frequency converting unit, or the like.

The FFT unit 203 converts the reception signal in the time
domain to the reception signal in the frequency domain by
performing the Fast Fourier Transform for the reception sig-
nal outputted from the radio processing unit 202.

The demodulation unit 204 performs the demodulation
processing for the reception signal outputted from the FFT
unit 203. The scheme of the demodulation processing, for
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example, is included in the resource allocation information
received by using the PDCCH or the like, and accordingly the
demodulation unit 204 performs the demodulation process-
ing in accordance with the resource allocation information
outputted from the control channel demodulation unit 206.

The decoding unit 205 performs the error correction
decoding for the demodulated reception signal. The decoding
scheme and decoding rate in a case where the error correction
decoding is performed follow the resource allocation infor-
mation outputted from the control channel demodulation unit
206. The decoding unit 205 can decode the user data prior to
the error correction encoding, various control information
such as RRC control information or the like, or the like, by the
error correction decoding.

The control channel demodulation unit 206 demodulates
the control signal transmitted by using the control channel
such as the PDCCH or the like. The demodulated control
information, for example, includes the resource allocation
information, and the control channel demodulation unit 206
outputs the resource allocation information to the demodula-
tion unit 204 and the decoding unit 205. Also, the control
channel demodulation unit 206 determines whether or not the
TA-RNTT outputted from the control information processing
unit 207 matches the TA-RNTI transmitted on the control
channel. On matching, the control channel demodulation unit
206 can extract the resource allocation information from the
control information associated with the TA-RNTI. The
extracted resource allocation information is outputted to the
demodulation unit 204 and the decoding unit 205, so that the
mobile station 200 can demodulate and decode the cluster TA
value addressed to the mobile 200 itself. The detail is
described later.

The control information processing unit 207 extracts vari-
ous control information from the output of the decoding unit
205. For example, the control information processing unit
207 extracts the TA-RNTI from the demodulated and
decoded RRC control information and outputs the extracted
TA-RNTT to the control channel demodulation unit 206. Also,
the control information processing unit 207, for example, can
extract the cluster TA value from the output of the decoding
unit 205 and output to the transmission timing control unit
215.

The data processing unit 208 performs various processing
such as compression encoding or the like to the user data. The
processed user data is outputted to the multiplexing unit 209.

The multiplexing unit 209 multiplexes the user data and
various control information (for example, RRC control infor-
mation or MAC-CE control information) outputted from the
data processing unit 208. The multiplexing unit 209 outputs
the multiplexed signal to the symbol mapping unit 210.

The symbol mapping unit 210 performs modulation pro-
cessing such as the QPSK, the 16QAM, or the like, to the
multiplexed signal. The modulation scheme is designated in
the base station 100 as the resource allocation information, so
that, for example, the symbol mapping unit receive the
resource allocation information from the control channel
demodulation unit 206 and can perform the modulation pro-
cessing.

The multiplexing unit 211 multiplexes the output signal
from the symbol mapping unit 210 and the pilot signal, and
outputs as the multiplexed signal. The pilot signal, for
example, includes the known preamble pattern in the mobile
station 200 and base station 100.

The FFT unit 212 converts the multiplexed signal in the
time domain to the multiplexed signal in the frequency
domain, by performing the Fast Fourier Transform for the
multiplexed signal outputted from the multiplexing unit 211.
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The frequency mapping unit 213 performs processing of
mapping on a predetermined frequency band, to the multi-
plexed signal in the frequency domain outputted from the
FFT unit 212. For example, the frequency mapping unit 213
performs mapping the multiplexed signal to a frequency band
allocated to the mobile station 200 and map “0” to frequency
band except the frequency band allocated to the mobile sta-
tion 200. For example, this processing is also referred to as
subcarrier mapping. The frequency allocated to the mobile
station 200, for example, is included in the resource allocation
information, and the frequency mapping unit 213 can receive
the resource allocation information from the control channel
demodulation unit 206. The frequency mapping unit 213
outputs the signal including the mapped multiplexed signal,
to the IFFT unit 214.

The IFFT unit 214 converts the outputted signal in the
frequency domain to the outputted signal in the time domain
by performing the Inverse Fast Fourier Transform processing
for the outputted signal from the frequency mapping unit 213.

The transmission timing control unit 215 controls the
transmission timing of the radio signal transmitted from the
mobile station 200, by controlling a output timing to the radio
processing unit 216 with respect to the outputted signal from
the IFFT unit 214. The transmission timing control unit 215
receives the cluster TA value outputted from the control infor-
mation processing unit 207 and determines the transmission
timing, for example, by calculating a formula below.

M

The formula (1), for example, corresponds to the transmis-
sion timing illustrated in FIG. 24. The transmission timing
control unit 215, for example, outputs to the radio processing
unit 216 the outputted signal from the IFFT unit 214 by a
timing calculated based on the formula (1) earlier than the
transmission timing of the mobile station itself. The transmis-
sion timing of the mobile station 200 itself, for example, is
included in the resource allocation information demodulated
by the control channel demodulation unit 206, so that the
transmission timing control unit 215 can establish its own
transmission timing with the use of the information. In the
formula (1), the cluster TA value corresponds to “N,” of the
formula (1), and the fixed values “N,,» " and “Ts” are
stored in an internal memory of the transmission timing con-
trol unit 215, the transmission timing control unit 215 appro-
priately reads out the fixed values, and performs the process-
ing.

The radio processing unit 216 converts the outputted signal
outputted from the transmission timing control unit 215 into
the radio signal in the radio band. Accordingly, the radio
processing unit 216, for example, includes the digital to ana-
log converting unit, the frequency converting circuit, or the
like. The radio signal outputted from the radio processing unit
216, for example, is transmitted to the base station 100 via the
antenna 201 as a single carrier signal.

<Example of Entire Operation of Radio Communication
System 10>

Next, an operational example of the radio communication
system 10, the base station 100, and the mobile station 200
will be described. First, an entire operational example will be
described, secondly, an operational example of the base sta-
tion 100 and the mobile station 200 will be described.

FIG. 6 is a sequence diagram illustrating the example of the
entire operation of the radio communication system 10.
Firstly, the mobile station 200 transmits data (or UL data) or
the pilot signal (or SRS) to the base station 100 (S10). For
example, the mobile station 200 can multiplex the pilot signal
and the data and transmit.

(Nza+Nzsopsed Ts
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The base station 100 measures the TA value of the mobile
station 200 based on the received data and pilot signal, and
regards the measured TA value as the timing correction
amount N, (S11). For example, the TA value calculation unit
117 measures the TA value.

Next, the base station 100 generates the cluster based on
the measured TA value (or timing correction amount N,)
(812). For example, the cluster generation unit 118 can group
(or cluster) between the mobile stations 200 having the TA
value within a constant range.

Next, the base station 100 allocates the TA-RNTI to the
generated cluster and transmits the allocated TA-RNTT to the
mobile station 200 (S13). For example, in the example in FI1G.
5, the base station 100 allocates the TA-RNTT such as “TA-
RNTI-1” to the cluster whose identification information is
“cluster 1”. The base station 100 transmits the allocated TA-
RNTI to the mobile station 200 as the RRC control informa-
tion, for example, by using the radio resource of the PDSCH
channel.

Next, the base station 100 transmits by multicast the cluster
TA value to the mobile station 200 addressed to the allocated
TA-RNTI (S14).

For example, the base station 100 calculates an average
value with respect to the TA value of each mobile station 200
in the generated cluster and uses the average value as a rep-
resentative value, thereby obtaining the cluster TA value, or
uses the maximum number of the TA value as the represen-
tative value, thereby obtaining the cluster TA value. When the
mobile station 200 receives the cluster TA value, the mobile
station 200 calculates the formula (1), determines the trans-
mission timing, and transmits data or the like at the transmis-
sion timing. Accordingly, in the base station 100, the recep-
tion timing regarding the data from the mobile station 200 can
make a match to the frame timing. For example, a difference
between the reception timings regarding the data from the
respective mobile stations 200 falls within a CP length.
Accordingly, a discrepancy in the reception timings can be
prevented and reception quality can be maintained in the base
station 100.

Next, the base station 100 generates the individual TA
value with respect to the mobile station 200, in which a
discrepancy in synchronization is higher than a threshold
value in the cluster, and transmits the individual TA value to
the mobile station 200, so that the base station 100 performs
correction of the transmission timing control of the mobile
station 200 (S15). To the mobile station 200 in the cluster, the
transmission timing is determined by the cluster TA value.
However, thereafter, there is a case where the reception frame
timing based on the cluster TA value is increased higher than
a threshold value. The base station 100 takes this case into
consideration and performs the correction of the transmission
timing to the mobile stations 200 in the cluster. When the
discrepancy in synchronization is further continued, the base
station 100 incorporates the mobile station 200 into other
cluster or individually performs the transmission timing con-
trol. The detail is described later.

<Example of Operations of Base Station 100>

Next, an operational example of the base station 100 will be
described. FIG. 7 is a flowchart illustrating the operational
example of the base station 100. In FIG. 7, same reference
numerals are applied for the steps of the same processing as in
FIG. 6.

When the base station 100 starts the processing (S20), the
base station 100 calculates the TA value based on the data and
reference signal transmitted from each mobile station 200
(S21 (or S11)). For example, the TA value calculation unit
117 calculates the TA value.
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Next, the base station 100 generates the cluster (S22 (or
S12)). For example, the cluster generation unit 118 groups the
mobile stations 200 whose TA value falls within the constant
range, based on the TA value of the mobile station 200 from
the TA value calculation unit 117, and generates the cluster.

Next, the base station 100 newly allocates TA-RNTI for
cluster members (S23). For example, the radio resource con-
trol unit 101 newly allocates the same TA-RNTI for the
mobile stations 200 which belong the same cluster, based on
the information on the cluster outputted from the cluster
generation unit 118.

Next, the base station 100 transmits the newly allocated
TA-RNTT to the mobile stations 200 (S13). For example, the
radio resource control unit 101 outputs the allocated TA-
RNTT to the packet generation unit 103 as the RRC control
information. Accordingly, the newly allocated TA-RNTT is
transmitted to each mobile station 200 belonging to the same
cluster. When other cluster is generated, the base station 100
can newly allocate and transmit other TA-RNTT correspond-
ing to other cluster.

FIG. 8A is a diagram illustrating an allocation example of
radio resource for the TA-RNTI. A vertical axis represents a
frequency domain, and a horizontal axis represents a time
domain, and control information and the like are transmitted
as a control signal by using radio resource of the PDCCH, and
data and the like are transmitted as a data signal by using radio
resource of the PDSCH. For example, the radio resource
control unit 101 allocates the TA-RNTT on the radio resources
of PDSCH, so that the TA-RNTI is transmitted through the
PDSCH channel.

Returning to FIG. 7, next, the base station 100 transmits by
multicast the cluster TA value to the mobile station 200 (S14).
For example, the MAC control unit 102 receives via the
cluster generation unit 118 and the radio resource control unit
101, the TA value of each mobile station 200 belonging to the
cluster, which is calculated by the TA value calculation unit
117, and calculates the cluster TA value as the representative
value from each TA value. When a plurality of clusters is
generated, the MAC control unit 102 calculates the cluster TA
values in accordance with the number of the generated clus-
ters. It is noted that, for example, when the radio resource
control unit 101 is notified of notification of the calculation of
the TA value from the MAC control unit 102, the radio
resource control unit 101 allocates the radio resource for the
cluster TA value.

FIG. 8B is a diagram illustrating an example of radio
resource allocation for the cluster TA value. The radio
resource control unit 101, for example, specifies a group of
destination to the cluster TA value, and extracts the TA-RNTI
corresponding to the group based on the newly allocated
TA-RNTI. Then, the radio resource control unit 101 allocates
the extracted TA-RNTI on the radio resource of the PDCCH,
and allocates the cluster TA value on the radio resource of the
PDSCH. The radio resource control unit 101 generates the
control information associated with the TA-RNTT and makes
the control information to include the resource allocation
information of the cluster TA value. The radio resource con-
trolunit 101 outputs to the multiplexing unit 107 the extracted
TA-RNTT and the control information associated with the
TA-RNTI. Accordingly, for example, the cluster TA value is
transmitted to the mobile station 200 according to the radio
resources illustrated in FIG. 8B.

When attention is paid to the example of the radio resource
illustrated in FIG. 8B, the TA-RNTI allocated for the PDCCH
is addressed to the plurality of mobile stations 200 in the same
cluster and shared by one radio resource (or radio resource
block). Also, the PDSCH radio resource on which the cluster
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TA value is allocated is a radio resource shared and used by
the plurality of mobile stations 200. Accordingly, the radio
resource control unit 101 does not allocate a different radio
resource for the plurality of mobile stations 200 with regards
to the cluster TA value, but can allocate a common radio
resource in unit of cluster. Consequently, the base station 100
can transmit by multicast the cluster TA value to each mobile
station 200 in the cluster.

Returning to FIG. 7, the base station 100 transmits the
individual TA value to non cluster member and the mobile
stations 200 which individually perform correction (S15).

Regarding the present processing, there are two types of
processing, which includes the transmission of the individual
TA value to the non cluster member and the transmission of
the individual TA value to the mobile station 200 which
individually perform correction. As to the description of the
transmission of the individual TA value to the non cluster
member, the non cluster member, for example, is the mobile
station 200 which does not be clustered. The base station 100
transmits the individual TA value by using the C-RNTI, to this
mobile station 200. The individual TA value, for example, is
aTA value calculated by the TA value calculation unit 117 and
a TA value of the non cluster member. The processing in the
case of individually performing correction will be described.
For example, the TA value calculation unit 117 calculates
each the TA value of the cluster member, and the MAC
control unit 102 compares the calculated TA value with an
individual correction threshold value. When the former is
higher than the latter, the MAC control unit 102 determines
that the individual correction is performed. For example, in
the course of the two types of processing, the MAC control
unit 102 outputs the calculated TA value or the TA value of the
mobile stations 200 which does not be clustered, as the indi-
vidual TA value, to the packet generation unit 103, and the
radio resource control unit 101 allocates the radio resource to
transmit the individual TA value. For example, the radio
resource control unit 101 performs allocation of the radio
resource to the individual TA value to transmit the individual
TA value by the PDSCH channel, and outputs the individual
TA value to the packet generation unit 103. The individual TA
value in this case, for example, is also transmitted by using the
PDSCH, but the resource allocation information on the radio
resource of the individual TA value is included in the control
information associated with the C-RNTI. For example, the
radio resource control unit 101 generates the control infor-
mation and C-RNTI, and outputs the control information and
the C-RNTI to the multiplexing unit 107 to be transmitted by
using the PDCCH.

Then, the processing returns to S21, and the base station
100 repeats the aforementioned processing.

Furthermore, after the base station 100 performs the indi-
vidual correction for the cluster member, the base station
deletes the mobile station in which a discrepancy in synchro-
nization is continued, from the allocated cluster, and incor-
porates into other cluster, or performs normal individual con-
trol by the C-RNTI. Accordingly, for example, the base
station 100 calculates the TA value of the cluster member
(S21), and when the calculated TA value is higher than the
individual correction threshold value again, the base station
100 deletes the mobile stations 200 from the cluster member.
For example, when the calculated TA value is higher than the
individual correction threshold value, the cluster generation
unit 118 deletes the mobile stations 200 from the cluster
member. Also, the cluster generation unit 118 determines
whether or not the calculated TA value falls within the con-
stant range with respect to the TA value of other cluster
member. When the calculated TA value falls within the con-
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stant range, the cluster generation unit 118 incorporates the
mobile stations 200 into the other cluster member. In contrast,
when the calculated TA value does not fall within any cluster
range, the cluster generation unit 118 determines that the
mobile station 200 does not belong to any cluster. Accord-
ingly, the cluster is renewed (S22), the cluster generation unit
118 outputs information regarding the renewed cluster (in-
cluding information regarding the mobile stations 200 that do
not belong to any cluster) to the MAC control unit 102. The
MAC control unit 102 allocates the TA-RNTI based on the
renewed cluster. Accordingly, the changed TA-RNTT is allo-
cated for the renewed cluster member (S23). It is noted that,
the MAC control unit 102, for example, outputs the calculated
TA value to the multiplexing unit 107 to perform the indi-
vidual transmission timing control to the mobile station 200
that do not belong to any cluster. For example, the radio
resource control unit 101 generates the control information
associated with the C-RNTI and makes the control informa-
tion to include the resource allocation information of the
individual TA value allocated on the radio resource of the
PDCCH. Accordingly, the radio resource control unit 101 can
transmit the individual TA value by using the radio resource
of PDCCH.

<Example of Operations of Mobile Station 200>

Next, an operational example of the mobile station 200 will
be described. FI1G. 9 is a flowchart illustrating the operational
example of the mobile station 200. The processing illustrated
in FIG. 9 is performed when the transmission of the radio
signal is performed between the base station 100 and the
mobile station 200, for example, after the mobile station 200
transmits the data signal or the reference signal (or SRS) to
the base station 100.

Upon the start of the processing (S30), the mobile station
200 determines whether or not there is the allocation of the
TA-RNTI(S31). For example, the determination can be made
based on whether or not the control information processing
unit 207 of the mobile station 200 can extract the TA-RNTI
from the decoding unit 205. In this case, for example, the
TA-RNTI is received by using the PDSCH.

When there is the allocation of the TA-RNTTI (S31, YES),
the mobile station 200 receives the cluster TA value to be
addressing by the TA-RNTI (S32). For example, the control
channel demodulation unit 206 receives the TA-RNTI
received via the control channel such as the PDCCH and
determines whether or not the received TA-RNTI corre-
sponds to the TA-RNTT received from the control information
processing unit 207. Then, for example, when the control
channel demodulation unit 206 determines that the received
TA-RNTI corresponds, the control channel demodulation
unit 206 extracts the resource allocation information of the
cluster TA value from the control information associated with
the received TA-RNTI and outputs the resource allocation
information to the demodulation unit 204 and the decoding
unit205. Accordingly, the mobile station 200 can demodulate
and decode the cluster TA value addressing by the TA-RNTI
and transmitted by the PDSCH.

Next, the mobile station 200 performs the transmission
timing control based on the received cluster TA value (S33).
For example, the control information processing unit 207
outputs the demodulated and decoded cluster TA value to the
transmission timing control unit 215, and the transmission
timing control unit 215 calculates the formula (1) in accor-
dance with the cluster TA value. The transmission timing
control unit 215, for example, outputs the processed data by
FFT orthe like to the radio processing unit 216 by a calculated
value based on the formula (1) earlier than the transmission
frame timing of the mobile station 200 itself.
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Next, the mobile station 200 receives the individual TA
value addressing by the C-RNTI (S34). For example, when
the control channel demodulation unit 206 receives the
C-RNTI addressed to the mobile station itself, the control
channel demodulation unit 206 extracts the resource alloca-
tion information of the individual TA value from the control
information associated with the C-RNTI. Then, the control
channel demodulation unit 206 outputs the extracted resource
allocation information to the demodulation unit 204 and the
decoding unit 205. Accordingly, the individual TA value
addressed to the mobile station 200 is demodulated and
decoded.

Next, the mobile station 200 performs the transmission
timing control by the received individual TA value (S35). For
example, the control information processing unit 207 outputs
the demodulated and decoded individual TA value to the
transmission-timing control unit 215, and the transmission
timing control unit 215 calculates the formula (1) again for
the timing correction amount N, based on the individual TA
value and adjusts the transmission timing. Accordingly, the
transmission timing of the mobile stations 200 of the cluster
member, in which the discrepancy in synchronization is
increased, is controlled, so that the reception timing in the
base station 100 synchronizes with the frame timing.

Then, the processing goes to S31 again, and the mobile
stations 200 can repeat the aforementioned processing.

When the discrepancy in synchronization is continued in
the mobile stations 200, the mobile stations 200 receives the
renewed TA-RNTT from the base station 100, or performs the
individual control based on the C-RNTI. When the renewed
TA-RNTI is received, the mobile station 100 performs the
processing of S31 again. In contrast, when the individual
control is performed based on the C-RNTI, the step goes to
the processing of S31 again, and “No” is selected at S31, and
the processing of S34 is performed.

When the individual control is performed based on the
C-RNTI, at S34, the mobile stations 200 receives the indi-
vidual TA value addressing by the C-RNTI. In this case, the
resource allocation information on PDCCH is the control
information associated with the C-RNTI. For example, the
control channel demodulation unit 206 of the mobile stations
200 demodulates the individual TA value from the PDCCH in
accordance with the resource allocation information, and out-
puts the individual TA value to the transmission timing con-
trol unit 216 via the control information processing unit 207.
Accordingly, the individual transmission timing control is
performed by the individual TA value in the mobile stations
200.

Thus, the radio communication system 10 of the second
embodiment of the present invention can collectively perform
the transmission timing control for the plurality of mobile
stations 200 belonging to the same cluster. FIG. 10 is a dia-
gram illustrating a state where the transmission timing con-
trol is collectively performed. When the plurality of mobile
stations 200 is placed on the same train, the transfer speed of
the plurality of mobile stations 200 is equal, and the TA values
measured by the base station 100 respectively fall within the
constant range. The base station 100 groups the plurality of
mobile stations 200 and collectively performs the transmis-
sion timing control by the same TA value (or cluster TA
value).

On the other hand, a portion illustrated by a dotted line in
FIG. 8B represents an example of the allocation of radio
resources in a case where the TA command is transmitted with
the use of the PDCCH individually for every mobile station
200. Thus, when the transmission timing control is individu-
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ally performed for every mobile station 200, a plurality of
radio resources (or radio resource blocks) on the PDCCH is
utilized.

However, in the second embodiment of the present inven-
tion, the base station 100 carries out the grouping or cluster-
ing with respect to the plurality of mobile stations 200, so that
the transmission of the cluster TA value is in units of cluster,
and one radio resource is used for the cluster unit in the
PDCCH. In the second embodiment of the present invention,
one radio resource block is used in the PDCCH, so that the
overhead due to the transmission of the control signal can be
reduced, compared with the individual transmission timing
control in which the plurality of radio resource blocks is used.

In the second embodiment of the present invention, for
example, the cluster TA value (S14) and the individual TA
value (S15) which are transmitted as the TA command may be
provided as a differential value (or a relative value) with
respect to the representative value previously calculated. The
overhead of the TA command can be reduced, compared with
acase where an absolute value precisely corresponding to the
TA value is transmitted. In the case of the cluster TA value, for
example, the MAC control unit 102 holds the absolute value
of the cluster TA value previously calculated, calculates the
representative value such as the average value, based on each
TA value received from the TA value calculation unit 117, and
further calculates a differential value between the absolute
value of the held TA value and the calculated representative
value. Then, the MAC control unit 102 outputs the differential
value to the packet generation unit 103 as the cluster TA value.
Accordingly, the MAC control unit 102, for example, can
store the absolute value of the TA value previously calculated
or the like in the internal memory or the like. As to the
individual TA value, the MAC control unit 102 calculates a
differential value between the absolute value of the TA value
previously calculated and the TA value of the mobile station
200 in which the discrepancy in synchronization occurs, and
outputs the differential value to the packet generation unit 103
as the individual TA value.

In contrast, regarding the mobile station 200, the control
information processing unit 207 holds the absolute value
previously calculated, can obtain the cluster TA value, which
is an absolute value, by adding or subtracting the relative
value to be received, and outputs the cluster TA value to the
transmission timing control unit 215.

However, in the second embodiment of the present inven-
tion, it may be such that the cluster TA value and the indi-
vidual TA value are not differential values but absolute val-
ues.

Third Embodiment

Next, the third embodiment of the present invention will be
described. In the second embodiment of the present inven-
tion, for example, as is illustrated in FIG. 5, the example in
which the grouping or the clustering of the mobile station 200
is performed based on the TA value is described. This TA
value is a TA value at a certain time. For example, when the
plurality of mobile stations is respectively placed on a bus and
a train, and the plurality of mobile stations in the bus and the
train respectively travel in the different direction, and the
travelling speeds of the bus and the train are equal, the TA
value falls within the certain range. In this case, the same
cluster is allocated for the plurality of mobile stations 200 in
the bus and the plurality of mobile stations 200 in the train. In
the third embodiment of the present invention, the grouping is
performed for the plurality of mobile stations 200 in which a
time fluctuation amount ATA of the TA value in a certain
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period of time falls within the certain range, so that precise
transmission timing control can be performed, compared
with the second embodiment, and the discrepancy in recep-
tion timings in the base station 100 can be prevented.

FIG. 11 is a graph illustrating a distribution example of the
time fluctuation amount ATA of the TA value, wherein a
vertical axis represents the number of mobile stations, and a
horizontal axis represents the time fluctuation amount ATA
respectively. For example, the fluctuation amounts of travel-
ling speed in the bus and train are substantially different in
terms of'the lapse of time, and the amount of reception timing
error in the base station 100 with respect to each mobile
station 200 in the bus and in the train is also different along
with the lapse of time. Accordingly, for example, as is illus-
trated in FIG. 11, the time fluctuation amount ATA of the
plurality of mobile stations 200 in the bus falls within the
certain range, and the time fluctuation amount ATA of the
plurality of mobile stations 200 in the train is distributed
within another range. The time fluctuation amount ATA, for
example, can be mentioned as the fluctuation amount of the
reception timing error in the base station 100. In the example
of FIG. 11, the plurality of mobile stations 200 in the bus are
grouped as “cluster 17, and the plurality of mobile stations
200 in the train are grouped as “cluster 2”. Then, the trans-
mission timing control is collectively performed in the two
clusters respectively. Accordingly, for example, the example
of the configuration of the radio communication system 10
can be illustrated by FIG. 2, and the examples of the configu-
ration of the base station 100 and the mobile station 200 can
be illustrated by FIGS. 3 and 4, as is the same case with the
second embodiment of the present invention. In the third
embodiment of the present invention, for example, the TA
value calculation unit 117 calculates the TA value for a certain
constant period of time and calculates the time fluctuation
amount ATA of the TA value, and the cluster generation unit
118 generates the cluster based on the time fluctuation
amount ATA.

As is the same case with the second embodiment of the
present invention, the example of the entire operation can be
illustrated by FIG. 6. However, the base station 100 carries
out generation (S12) of the cluster based on the time fluctua-
tion amount ATA of the TA value.

FIG. 12 is a flowchart illustrating an operational example
of the base station 100. When the base station 100 measures
the TA value (S21), the base station 100 calculates the TA
value after the lapse of a predetermined time. For example,
the TA value calculation unit 117 measures the TA value after
the lapse of one radio frame period to transmit the reference
signal for each radio frame period by the mobile station 200.

Then, the base station 100 calculates a difference between
the two TA values to be measured, so that the base station 100
calculates the time fluctuation amount ATA of the TA value
(S41). For example, the TA value calculation unit 117 obtains
the time fluctuation amount ATA by calculating a difference
between the measured TA value and the TA value after the
lapse of one radio frame period. For example, the TA value
calculation unit 117 is not limited to the TA value after the
lapse of one radio frame period, but may use a TA value after
the lapse of plural radio frame periods, one or plural symbol
timings, one or plural slot timings, or measures a predeter-
mined time after the measurement of a TA value at first and
uses a TA value after the lapse of the predetermined time.

Next, the base station 100 generates the cluster from the
time fluctuation amount ATA of the TA value (S22). In this
case, for example, the TA value calculation unit 117 outputs
the calculated time fluctuation amount ATA, to the cluster
generation unit 118, and the cluster generation unit 118
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groups the plurality of mobile stations 200 whose time fluc-
tuation amount ATA falls within the constant range, and gen-
erates the cluster (S22). Thereafter the processing can be
carried out as the same case with the second embodiment of
the present invention.

In contrast, in the mobile station 200, consequently, the
allocation of TA-RNTI (S31) and the reception of the cluster
TA wvalue (S32 to S33) can similarly be carried out as
described in the second embodiment of the present invention.
Accordingly, as is the same case with the second embodiment
of the present invention, the entire operation example of the
mobile station 200 can be carried out according to the
example of the operation illustrated in FIG. 9.

As is the same case with the second embodiment of the
present invention, in the third embodiment of the present
invention, the transmission timing control can collectively be
performed for the plurality of mobile stations 200 belonging
to the same cluster. Also, in the third embodiment of the
present invention, the cluster TA value can be transmitted
with one radio resource block in unit of the cluster on the
PDCCH. Accordingly, in the third embodiment of the present
invention, the radio resource of the PDCCH can be reduced,
and the overhead of the control signal can be reduced, com-
pared with the example of the individual transmission timing
control in which the TA value is individually transmitted for
each mobile station 200.

Fourth Embodiment

Next, the fourth embodiment of the present invention will
be described. In the second and third embodiments of the
present invention, the example is described where the cluster
TA value is transmitted by multicast based on the TA-RNTI or
the like. In the fourth embodiment of the present invention,
the example will be described where the cluster TA value is
transmitted as the broadcast information.

For example, the broadcast information is transmitted from
the base station 100 on a cycle of 80 ms or more in units of SIB
(System Information Block). FIG. 13B is a diagram illustrat-
ing the example of radio resource allocation of the broadcast
information. In the example of FIG. 13B, SIB is allocated on
the radio resource of PDSCH, and SI-RNTI (System Infor-
mation-RNTI) is allocated on the radio resource of PDCCH.
In the mobile station 200, when the SI-RNTI that corresponds
with the allocated SI-RNTI in advance is obtained from the
radio resource of the PDCCH, the resource allocation infor-
mation of SIB included in the control information associated
with the SI-RNTT is extracted. The mobile station 200 can
receive the broadcast information (for example, the cluster
TA value is included) included in SIB from the extracted
resource allocation information. The allocated SI-RNTI of
the mobile station 200, for example, is included in the infor-
mation that the base station 100 transmits in advance, and is
held in the internal memory of the control channel demodu-
lation unit 206. The SI-RNTI, for example, is an identifier
used to receive the broadcast information transmitted by SIB
in the mobile station 200.

In the fourth embodiment of the present invention, as is the
same case with the second and third embodiments of the
present invention, the example of the configuration of the
radio communication system 10 can be illustrated, for
example, by FIG. 2. Also, the examples of the configuration
of the base station 100 the mobile station 200 can be illus-
trated by FIGS. 4 and 5 respectively, as is the same case with
the second and third embodiments of the present invention.
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<Example of Entire Operation>

Next, an entire operational example of the fourth embodi-
ment of the present invention will be described. FIG. 14 is a
sequence diagram illustrating the example of the entire opera-
tion.

When the base station 100 generates the cluster, the base
station 100 allocates a cluster ID for the cluster (or group) and
transmits the cluster ID to each mobile station 200 belonging
to the cluster (S50). In the second and third embodiments of
the present invention, the TA-RNTI is transmitted to the
mobile station 200 of the same cluster (or group) (S13).
However, in the fourth embodiment of the present invention,
the cluster ID is transmitted in replace of the TA-RNTI. The
cluster ID, for example, is an identifier used to identify the
grouped mobile station 200, and an identifier for the plurality
of' mobile stations 200 that are controllable based on the same
control amount of transmission timing. For example, the clus-
ter ID is transmitted as MAC-CE (Media Access Control-
Control Element) control information. In this case, for
example, the MAC-CE control information is transmitted by
using the radio resource of the PDSCH (for example, FIG.
13A).

Next, the base station 100 transmits the cluster TA value as
the broadcast information (S51). The base station 100, for
example, allocates the SI-RNTT on the radio resource of the
PDCCH, allocates the cluster ID and the cluster TA value on
the radio resource of PDSCH, and transmits the cluster ID and
the cluster TA value (for example, FIG. 13B). FIG. 17 is a
diagram illustrating the example of the configuration of one
portion (the cluster ID and the cluster TA value) of the broad-
cast information transmitted to the mobile stations 200. The
broadcast information is made up of the cluster ID and the
cluster TA value as a pair and includes the pairs correspond-
ing to the number of clusters generated by the base station
100.

The mobile stations 200 received the broadcast informa-
tion can receive the cluster TA value addressed to themselves
and perform the transmission timing control in accordance
with the cluster TA value. Thereafter the processing can simi-
larly be carried out as described in the second embodiment.

<Operation Example of Base Station 100>

Next, an operational example of the base station 100 will be
described. FIG. 15 is a flowchart illustrating the operational
example of the base station 100. The same reference number
is provided for the step of the same processing as that of the
second embodiment of the present invention.

After the generation of the cluster, the base station 100
further newly allocates the cluster ID for the generated cluster
member (S61). For example, the MAC control unit 102
receives information regarding the cluster from the cluster
generation unit 118, allocates the cluster ID for the plurality
of mobile stations 200 of the same group, so that the present
processing is performed.

Next, the base station 100 transmits the newly allocated
cluster ID, to each mobile stations 200 belonging to the clus-
ter (S62). For example, the MAC control unit 102 transmits
the allocated cluster ID, to the packet generation unit 103 as
MAC-CE control information. Also, for example, when the
radio resource control unit 101 receives a notification regard-
ing the allocation of the cluster ID from the MAC control unit
102, the radio resource control unit 101 allocates the cluster
ID on the radio resource of the PDSCH (for example, FIG.
13A).

Next, the base station 100 transmits the cluster ID and the
cluster TA value as the broadcast information (S63). For
example, as is the same case with the second embodiment of
the present invention, the MAC control unit 102 calculates the
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cluster TA value as the representative value based on the TA
value from the TA value calculation unit 117. Then, for
example, the MAC control unit 102 outputs the cluster TA
value and the cluster ID generated at S62 as the broadcast
information to the packet generation unit 103. For example,
when the MAC control unit 102 generates a plurality of
clusters, the MAC control unit 102 outputs the generated
cluster TA values and the generated cluster IDs corresponding
to the number of clusters.

Further, for example, when the radio resource control unit
101 is notified of the completion of calculation of the cluster
TA value from the MAC control unit 102, the radio resource
control unit 101 allocates the radio resource to the cluster TA
value. The radio resource control unit 101, for example, allo-
cates the allocated SI-RNTT in advance, on the radio resource
of the PDCCH. Also, the radio resource control unit 101
allocates the cluster ID and the cluster TA value to be trans-
mitted as the broadcast information, on the radio resource of
the PDSCH. The resource allocation information of the
broadcast information, for example, is included in the control
information associated with the SI-RNTI (for example, FIG.
13B). The radio resource control unit 101 outputs the SI-
RNTT and the control information associated with the SI-
RNTT to the multiplexing unit 107. Accordingly, for example,
the broadcast information is transmitted by broadcast, to the
mobile station 200.

As is the same case with the second and third embodiments
of the present invention, thereafter the processing can simi-
larly be performed (S15). As is the same case with the second
embodiment of the present invention, when there is no allo-
cation of the cluster ID (S71, No), this is the case where the
discrepancy in synchronization is continued in the mobile
station 200. According to this case, the individual transmis-
sion timing control is performed by the C-RNTT. In this case,
for example, the transmission timing of the mobile station
200 is controlled by the individual TA value transmitted by
the PDCCH (S34).

FIG. 16 is a diagram illustrating an operational example of
the mobile station 200. The mobile station 200 further per-
forms the processing of determining whether or not there is
the allocation of the cluster ID (S71). For example, the deter-
mination can be made based on whether or not the control
information processing unit 207 receives (or inputs) the clus-
ter ID transmitted as the MAC-CE control information.

When there is the allocation of the cluster ID (S71,Yes), the
mobile station 200 receives the cluster TA value notified by
the broadcast information (S72). For example, the control
channel demodulation unit 206 receives the control signal
transmitted by the PDCCH and extracts the SI-RNTI. When
the extracted SI-RNTI corresponds to the allocated SI-RNTI
for the mobile station itself in advance, the control channel
demodulation unit 206 extracts the control information asso-
ciated with the SI-RNTI. The control channel demodulation
unit 206 reads out the resource allocation information of the
broadcast information included in the control information
associated with the SI-RNTI and outputs the resource alloca-
tion information to the demodulation unit 204 and the decod-
ing unit 205. Accordingly, for example, the mobile station
200 can extract the broadcast information allocated on the
radio resource of the PDSCH. Then, the control information
processing unit 207, for example, reads out the cluster ID and
the cluster TA value from the broadcast information, finds a
cluster ID corresponding to the received cluster 1D at S71,
from the broadcast information, and extracts the cluster TA
value corresponding to the cluster ID. The extracted cluster
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TA value, for example, is outputted to the transmission timing
control unit 215, and the transmission timing control is per-
formed.

Thereafter the processing can similarly be performed as
described in the second and third embodiments (S33 to S35).

In the fourth embodiment of the present invention, the
transmission timing control based on the same cluster TA
value is performed with respect to the plurality of mobile
stations 200 grouped by the cluster ID, so that the transmis-
sion timing control can collectively be performed with
respect to the grouped plurality of mobile stations 200. Also,
as is illustrated in FIG. 13, the base station 100 allocates the
cluster TA values for the plurality of mobile stations 200, so
that, for example, the SI-RNTT can be allocated by one radio
resource block onthe PDCCH which is shared by the plurality
of mobile stations 200. Accordingly, in the fourth embodi-
ment of the present invention, the overhead of the control
signal can be reduced, compared with the example where the
TA value is transmitted by using of the plurality of radio
resource block on the PDCCH.

In the fourth embodiment of the present invention, the
cluster TA value and the cluster ID transmitted as part of the
broadcast information are transmitted by broadcast (S51).
However, with regards to a unit of the grouped plurality of
mobile stations 200 by the cluster ID, the cluster TA value and
the cluster ID are addressed and transmitted to the plurality of
mobile stations 200, so that multicasting transmission
designed and transmitted addressed to the plurality of mobile
stations 200 can be applied.

Fifth Embodiment

Next, the fifth embodiment of the present invention will be
described. In the fourth embodiment of the present invention,
the example is described where the cluster TA value is trans-
mitted as the broadcast information. In the fifth embodiment
of the present invention, an example will be described where
the cluster TA value is transmitted as a paging channel. The
paging channel is a channel used for transmission when an
event occurs to the mobile station 200, for example, when a
paging or incoming call addressed to the mobile station 200
occurs. Also, the paging channel, for example, is a channel to
be notified by broadcast from the base station 100. The fifth
embodiment of the present invention is the example where the
cluster TA value is transmitted by using a part of the broadcast
information transmitted by the paging channel. For example,
the transmission of the broadcast information by the paging
channel is performed more frequently than the transmission
of SIB, so that the number of times that the transmission
timing control is performed can be increased in the fifth
embodiment of the present invention, compared with the
fourth embodiment of the present invention.

FIGS.18A and 18B are diagrams illustrating an example of
radio resource allocation to the broadcast information by the
cluster ID and the paging channel respectively. As is illus-
trated in FIG. 18A, the allocated cluster ID is transmitted as
the MAC-CE control information by using the radio resource
of the PDSCH. Similarly, as is illustrated in FIG. 18B,
P-RNTI (Paging-RNTI) is allocated on the radio resource of
the PDCCH, and the broadcast information transmitted by the
paging channel is allocated on the radio resource of the
PDSCH respectively. The P-RNTI, for example, is an identi-
fier of the broadcast information transmitted by the paging
channel, is allocated for the mobile station 200 in advance,
and held. Then, when the P-RNTT to be held corresponds to
the received P-RNTI in the mobile station 200, the resource
allocation information is extracted from the control informa-
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tion associated with P-RNTI. The mobile station 200 can
receive the broadcast information by the paging channel allo-
cated on the radio resource of the PDSCH, from the extracted
resource allocation information. As is the same case with the
fourth embodiment of the present invention, the broadcast
information includes the cluster ID and the cluster TA value.
The broadcast information includes the plural pairs corre-
sponding to the number of clusters when the plurality of
clusters is generated (for example, FIG. 17).

The example of the configurations of the radio communi-
cation system 10, the base station 100, and the mobile station
200 according to the fifth embodiment of the present inven-
tion is similar to those in the second to fourth embodiments of
the present invention.

FIG. 19 is a diagram illustrating an entire operational
example, and FIG. 20 is a diagram illustrating an operational
example of the base station 100. In FIGS. 19 and 20, the base
station 100 further transmits the cluster TA value and the
allocated cluster 1D, by broadcast as the broadcast informa-
tion by the paging channel (S80).

In the present processing, for example, when the radio
resource control unit 101 is notified of the generation of the
cluster TA value from the MAC control unit 102, the radio
resource control unit 101 extracts the transmitting destination
for the cluster TA value from the transmitted P-RNTI already.
Then, the radio resource control unit 101 allocates the
P-RNTTon the radio resource of the PDCCH and allocates the
cluster ID and the cluster TA value on the radio resource of the
PDSCH respectively. Further, the radio resource control unit
101, for example, generates the control information associ-
ated with the P-RNTI and makes the control information to
include the resource allocation information of the cluster TA
value. The radio resource controlunit 101 outputs the P-RNTI
and the control information to the multiplexing unit 107 and
outputs the cluster ID and the cluster TA value to the packet
generation unit 103 respectively. Accordingly, for example,
the radio resource allocation is performed as illustrated in
FIG. 18B, and the cluster ID and the cluster TA value are
transmitted to the mobile station 200. Thereafter the process-
ing can similarly be carried out as described in the fourth
embodiment.

FIG. 21 is a diagram illustrating an operational example of
the mobile station 200. In the example of operation of the
mobile station 200, when the allocation of the cluster ID is
performed (S71, Yes), the cluster ID and the cluster TA value
notified by the paging channel are further received (S101).
For example, when the control channel demodulation unit
206 receives the P-RNTI, and the P-RNTI corresponds to the
held P-RNTI, it is recognized that the P-RNTI is addressed to
the mobile station itself, and the control information involved
in the P-RNTI is extracted. Then, the control channel
demodulation unit 206 extracts the allocation information of
the transmitted broadcast information by the paging channel
from the control information, and outputs the allocation infor-
mation to the demodulation unit 204 and the decoding unit
205. Accordingly, for example, the broadcast information
transmitted by the paging channel is demodulated and
decoded, and can be outputted to the control information
processing unit 207 as the broadcast information. For
example, the control information processing unit 207 extracts
the cluster ID corresponding to the allocated cluster ID (S50)
from the broadcast information and reads out the cluster TA
value corresponding to the cluster ID from the broadcast
information. Then, the cluster TA value is outputted to the
transmission timing control unit 215, and the transmission
timing control is performed.
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In the fifth embodiment of the present invention, the trans-
mission timing control to the grouped plurality of mobile
stations 200 by the cluster ID is performed by the same cluster
TA value, so that the transmission timing control can collec-
tively be performed to the grouped plurality of mobile sta-
tions 200. Also, the base station 100 allocates the cluster TA
value for the plurality of mobile stations 200, for example, as
is illustrated in FIG. 18, the P-RNTI can be allocated by one
radio resource block on the PDCCH, which is shared by the
plurality of mobile stations 200. Accordingly, in the fourth
embodiment of the present invention, the overhead of the
control signal can be reduced, compared with the example
where the TA value is transmitted by using of the plurality of
radio resources block on the PDCCH.

Example of Other Embodiment

In the second to fifth embodiments of the present invention,
the base station 100 and the mobile station 200, for example,
is described as illustrated in FIGS. 3 and 4. For example, the
second to fifth embodiments of the present invention can be
carried out by the base station 100 and the mobile station 200
as illustrated in FIG. 22.

Further, the base station 100 includes a RAM (Random
Access Memory), a CPU (Central Processing Unit) 151, and
a DSP (Digital Signal Processor) 152. For example, respec-
tive functions from the radio resource control unit 101 to the
IFFT unit 108, and from the FFT unit 113 to the cluster
generation unit 118 in the base station 100 illustrated in FIG.
3 can be carried out by the cooperative operations of the CPU
151, the RAM 150, and the DSP 152.

Moreover, the mobile station 200 includes a RAM 250, a
CPU 251, and a DSP 252. For example, respective functions
from the FFT unit 203 to the control information processing
unit 207 and from the data processing unit 208 to the trans-
mission timing control unit 215 of the mobile station 200
illustrated in FIG. 4 can be carried out by the cooperative
operations of the CPU 251, the RAM 250, and the DSP 252.

Also, in the aforementioned second embodiment of the
present invention, the example is described where the
embodiment can be carried out by the either the relative value
or the absolute value of the cluster TA value. However, in the
third to fifth embodiments of the present invention, the
embodiments can similarly be carried out by the either the
relative value or the absolute value of the cluster TA value. As
is described in the second embodiment of the present inven-
tion, in the case ofthe relative value, in the mobile station 200,
the cluster TA value to be previously generated is generated
by the relative value to be previously received, and the abso-
Iute value of the cluster TA value can be obtained by adding or
subtracting the cluster TA value to be previously generated
and the received cluster TA value.

The base station apparatus, the mobile station apparatus,
the radio communication method, and the radio communica-
tion system can be provided that reduce the overhead of the
control signal. Also, the base station apparatus, the mobile
station apparatus, the radio communication method, and the
radio communication system can be provided that can prevent
the discrepancy in reception timings in the base station appa-
ratus.

All examples and conditional language provided herein are
intended for the pedagogical purposes of aiding the reader in
understanding the invention and the concepts contributed by
the inventor to further the art, and are not to be construed as
limitations to such specifically recited examples and condi-
tions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
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riority of the invention. Although one or more embodiments

of the present invention have been described in detail, it

should be understood that the various changes, substitutions,

and alterations could be made hereto without departing from

the spirit and scope of the invention.

10: radio communication system

100: base station apparatus (base station)

101: radio resource control unit

102: MAC control unit

103: packet generation unit

107: multiplexing unit

117: TA value calculation unit for each US (TA value calcu-
lation unit)

118: cluster generation and renewal unit (cluster generation
unit)

150: RAM

151: CPU

152: DSP

200: mobile station apparatuses (mobile station)

206: control channel demodulation unit

207: control information processing unit

215: transmission-timing control unit

250: RAM

251: CPU

252: DSP

What is claimed is:

1. A base station apparatus for performing radio commu-
nication with a mobile station apparatus, the base station
apparatus comprising:

a group generation unit which groups a plurality of mobile
station apparatuses whose timing differences between a
reception frame and transmission frame calculated on
the basis of a signal received from the mobile station
apparatus fall within a constant range; and

a transmission unit which transmits a control amount of
timing difference to the grouped plurality of mobile
station apparatuses.

2. The base station apparatus according to claim 1, wherein
the group generation unit allocates a same identifier for the
grouped plurality of mobile station apparatuses.

3. The base station apparatus according to claim 2, wherein
the transmission unit transmits a timing difference control
signal and the identifier to the grouped plurality of mobile
station apparatuses.

4. The base station apparatus according to claim 2, wherein
the transmission unit transmits a timing difference control
signal and the identifier to the grouped plurality of mobile
station apparatuses by using a paging channel.

5. The base station apparatus according to claim 2, wherein
the transmission unit transmits a timing difference control
signal and the identifier as broadcast information to the
grouped plurality of mobile station apparatuses.

6. The base station apparatus according to claim 1, wherein
the transmission unit transmits the identifier to each of the
grouped plurality of mobile station apparatuses, and trans-
mits the control amount of timing difference and the identifier
to the grouped plurality of mobile station apparatuses.

7. The base station apparatus according to claim 6, wherein
the transmitting unit transmits the identifier by using a first
transmission channel by which a data signal is transmitted,
when the transmitting unit transmits the identifier to each of
the grouped plurality of mobile station apparatuses, and the
transmitting unit transmits the control amount of timing dif-
ference by the first transmission channel and transmits the
control amount of timing difference by a second transmission
channel by which a control signal is transmitted, when the
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transmitting unit transmits the control amount of timing dif-
ference and the identifier to the grouped plurality of mobile
station apparatuses.

8. The base station apparatus according to claim 1, wherein
the group generation unit groups the plurality of mobile sta-
tion apparatuses in which an amount of reception timing error
falls within a constant range.

9. The base station apparatus according to claim 1, wherein
the group generation unit groups the plurality of mobile sta-
tion apparatuses in which an amount of reception timing error
falls within a constant range and allocates a same identifier for
the grouped plurality of mobile station apparatuses.

10. The base station apparatus according to claim 1,
wherein the group generation unit groups the plurality of
mobile station apparatuses in which a fluctuation amount of
reception timing error falls within a constant range.

11. The base station apparatus according to claim 1,
wherein the group generation unit groups the plurality of
mobile station apparatuses in which a fluctuation amount of
reception timing error falls within a constant range and allo-
cates a same identifier for the grouped plurality of mobile
station apparatuses.

12. The base station apparatus according to claim 1,
wherein the control amount of timing difference is a relative
value which is a differential value between a first and second
control amounts of timing difference, or an absolute value of
the first or second control amounts of timing difference.

13. The base station apparatus according to claim 1,
wherein the control amount of timing difference includes a
transmission timing in a case where the mobile station appa-
ratus transmits a radio signal to the base station apparatus.

14. The base station apparatus according to claim 1,
wherein the transmitting unit transmits the control amount of
timing difference to the mobile station apparatus in which an
amount of reception timing error is higher than an individual
error threshold value, of the grouped plurality of mobile sta-
tion apparatuses.

15. The base station apparatus according to claim 1,
wherein the group generation unit groups delete from the
group and groups an another group to the mobile station
apparatus in which a state is continued where an amount of
reception timing error is higher than an individual error
threshold value, or deletes from the group and controls the
transmission unit to transmit the control amount of timing
difference of the mobile station apparatus deleted from the
group.

16. A mobile station apparatus for performing radio com-
munication with a base station apparatus, the mobile station
apparatus comprising:

a reception unit which receives a control amount of timing
difference transmitted to a grouped plurality of mobile
station apparatuses, the plurality of mobile station appa-
ratuses whose timing differences between a reception

26

frame and transmission frame calculated on the basis of
a signal received from the mobile station apparatus fall
within a constant range and which is grouped; and
a transmission timing control unit which controls a trans-
5 mission timing of a radio signal transmitting to the base
station apparatus in accordance with the received control
amount of timing difference.
17. A radio communication method in a base station appa-
ratus for performing radio communication with mobile sta-
10 tion apparatus, the method comprising:

grouping a plurality of mobile station apparatuses whose

timing differences between a reception frame and trans-

mission frame calculated on the basis of a signal

received from the mobile station apparatus fall within a

constant range; and

transmitting the control amount of timing difference to the

grouped plurality of mobile station apparatuses.

18. A radio communication method in a mobile station
apparatus for performing radio communication with a base
station apparatus, the method comprising:

receiving a control amount of timing difference transmitted

to a grouped plurality of mobile station apparatuses, the
plurality of mobile station apparatuses whose timing
differences between a reception frame and transmission
frame calculated on the basis of a signal received from
the mobile station apparatus fall within a constant range
and which is grouped; and

controlling a transmission timing of a radio signal trans-

mitting to the base station apparatus in accordance with

the received control amount of timing difference.

19. A radio communication system comprising;

a mobile station apparatus; and

a base station apparatus, wherein

radio communication is performed between the mobile
station apparatus and the base station apparatus,

the base station apparatus includes:

a group generation unit which groups a plurality of
mobile station apparatus whose timing differences
between a reception frame and transmission frame
calculated on the basis of a signal received from the
mobile station apparatus fall within a constant range;
and

a transmitting unit which transmits the control amount
oftiming difference to the grouped plurality of mobile
station apparatus, and

the mobile station apparatus includes:

a reception unit which receives the control amount of
timing difference; and

a transmission timing control unit which controls a
transmission timing of a radio signal transmitting to
the base station apparatus in accordance with the
received control amount of timing difference.
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